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(57) Abstract 

A method for coiling a signal trans- 
mission line to facilitate deployment of the 
line is practiced by winding the line in a plu- 
rality of sequential spirals about central axes 
and disposing the spirals in mutual coaxial 
relation so that adjacent spirals are wound 
in opposing directions about their respec- 
tive axes sensed moving along the line ^m 
the innermost winding of each spiral to the 
outermost winding. A transition portion ex- 
tends from the end of one spiral to the be- 
ginning of the next. When there are three 
or more spirals, the transition portions may 
be staggered about the common central axis 
of the spirals. A separator sheet (56) may 
be placed between the spirals. The signal 
transmission line may be a line charge (14). 
e.g.. detonating coid, that constitutes part of 
a min&-clearing apparatus (10). The appa- 
ratus (10) may also have deployment struc- 
tures (16, 30, 34, 22) for deploying the line 
charge (14) onto a mine field; and initiation 
strucmres (24. 26, 34) for initiating the line 




wo 99/00636 



Pa g e 2 of 2 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


L5 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembouig 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azeibaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herxegovina 


GE 


Geor^ 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


TTie former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faao 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mall 


TT 


Ttinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


biftel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


J^an 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'lvoira 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 99/00636 



PCT/US98n2182 



SIGNAL LINE COILING METHOD AND 
MINE-CLEARING APPARATUS USING SAME 



10 



BACKGROUND OF THE INVENTION 

CROSS-REFERENCE TO RELATED APPLICATION 
This application claims the benefit of U.S. Provisional Patent Application No. 
60/051,138, filed June 27, 1997 and entitled "Signal Line Coiling Method and Mine- 
Clearing Apparatus Using Same". 



Field of the Invention 

This invention relates to a mine-clearing apparatus and, in particular, to the 
configuration of a line charge for such an apparatus. 

It is well-known that one way to clear a safe path for passage of military and 

IS civilian personnel and equipment through a mine field is to initiate the mines along a 
predetermined path. One method for doing this is to deploy a line charge such as a 
detonating cord onto the ground surface of the mine field along the desired path. The 
line charge is initiated and in turn initiates mines placed in close proximity to the path. 
Once the mines along the path have been initiated, the path may be safely traversed. 

20 Portable devices for enabling field personnel to quickly and easily clear a path 

through a mine field are known in the art. A typical device of this type comprises a 
carrying case within which is disposed a deployable line charge, e.g., a length of deto- 
nating cord, deployment means for extending the line charge on the ground of the 
mine field to establish a path to be cleared, and initiation means for initiating the line 

25 charge after it is deployed. The line charge is t>pically stowed in the carrying case in 
a fan-fold or a figure 8 configuration. Generally, the line charge has a imiform load- 
ing of explosive material along its length, or it may comprise a string of lump charges 
or grenades. 



30 



Related Art 

U.S. Patent 4,022,396 to Manchester et al, dated May 10, 1977, discloses sev- 
eral methods for splicing together spirals of flat strip material througih processing ma- 
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chinery. Figure 1 shows spirals joined outermost winding-to-outermost winding; in- 
nermost winding-to-innermost winding. Figures 6 and 8 show how the outermost 
winding of a first spiral (25, 33) can be joined to the innermost winding of a second 
spiral (27, 34) through a spacer (28, 36). Considering the joined spirals as constitut- 
5 ing a single length of material, each spiral of material is wound in the same direction 
about a common axis, sensed moving firom one end of the material to the other, so that 
the connected spirals can be paid circumferentially out one after the other firom a mo- 
tor-driven payoff stand (see Figure 2). 

U.S. Patent 5,129,514 to Lilley, Jr., dated July 14, 1992, discloses a figure of 
10 eighty pattern for coiling a length of shock tube. According to this pattern, the shock 
tube is woimd alternately in a complex series of sequential portions of figure 8s and 
ovals, to minimize Une twisting. 

Portable mine-clearing apparatuses comprising deployable line charges and 
mechanical safe-arm devices are known. 

15 

SUMMARY OF THE INVENTION 
One aspect of the present invention relates to a method for coiling a signal 
transmission line for axial deployment. The method comprises winding the line in a 
plurality of spirals of increasing radius about central axes and disposing the spirals in 

20 mutual coaxial relation, wherein adjacent spirals are wound in opposing directions 
about the common central axis, as sensed moving along the line firom the innermost 
winding to the outermost winding of the spiral. In a particular embodiment of the in- 
vention, the method may comprise winding at least three spirals and providing transi- 
tion portions that extend firom the end of one spiral to the beginning of the next adja- 

25 cent spiral, and the method may further comprise staggering the transition portions 
about the common central axis of the spirals. Optionally, the metiiod may comprise 
placing a separator sheet between adjacent spirals. The method may be practiced with 
either detonating cord or signal transmission tubes. 

This invention also has an apparatus aspect relating to -a mine-clearing appara- 

30 tus that comprises a base, a deployable line charge on the base having a proximal end 
and a distal end, deployment means connected to the base and connected to the distal 
end of the line charge, for deploying the line charge onto the mine field, and initiation 
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means connected to the base and disposed in signal transfer relation to the proximal 
end of the line charge, for initiating the line charge. The line charge is disposed in a 
plurality of adjacent coaxial spirals, and each spiral is curved in an opposite rotational 
direction relative to the adjacent spiral, sensed moving from the proximal end to the 
5 distal end. Optionally, each spiral may be wound in a configuration of increasing ra- 
dius as sensed moving from the proximal end to the distal end. In a particular em- 
bodiment, the apparatus may comprise at least three spirals and there may be a transi- 
tion portion between each pair of adjacent spirals, wherein the transition portions are 
staggered about the common central axis of the spirals. 

10 According to another aspect of the invention, a line charge, whether or not 

coiled as described above, may comprise a distal, working portion and a proximal, 
stand-off portion, and the working portion is connected to the stand-off portion and 
comprises a loading of explosive material sufficient to initiate a land mine disposed 
beneath it and the stand-off portion is connected to the initiation means and comprises 

15 a lower loading of explosive material than the working portion. The stand-off portion 
may have a loading of explosive material less than 100 grams per meter, preferably 
less than 50 grams per meter and, more preferably, of not more than 20 g/m. In par- 
ticular embodiments, the stand-off portion of the line charge may have a loading of 
explosive material of not more than 10 percent of the loading of the working portion. 

20 The stand-off portion may have a signal-amplifying charge secured to its distal end for 
initiating the working portion of the line charge. 

According to another aspect of the invention, an apparatus as described above 
may comprise firangible restraining means for keeping the windings of the line charge 
in place prior to deployment. The restraining means may be connected to and releas- 

25 able by the deployment means. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a partially schematic plan view of a mine-clearing apparatus in ac- 
cordance with a particular embodiment of the present invention, showing a safe-and- 
30 arm portion thereof in a partial cross-sectional view; 

Figures 2A-2D are plan views of various stages of the winding of the line 
charge of the apparatus of Figure 1; 
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Figure 3 A is a ground level elevation view of the apparatus of Figure 1, illus- 
trating deployment of the line charge; and 

Figure 3B is a view, similar to Figure 3 A, of the apparatus of Figiu^e 1 after 
deployment of the line charge and before the line charge is initiated. 

5 

DETAILED DESCRIPTION OF THE 
INVENTION AND PREFERRED EMBODIMENTS THEREOF 
One aspect of the present invention relates to a method for coiling a rigid, 
large diameter (e.g., Ya inch or more) line such as detonating cord or another signal 

10 transmission line that must be paid out axially and that cannot easily be folded or 

subjected to sharp bends. Paying out (or "deploying") the line axially means that the 
coil does not rotate during deployment, so the line must be drawn obliquely relative to 
the axis about which the coil is woimd, i.e., in a direction not at right angles to the 
central axis of the spiral, preferably in a direction having a substantial component 

IS along the central axis of the spiral. Axial deployment thus differs from circumferen- 
tial deployment of a coiled line, during which coil is mounted on a rotatable spindle 
having an axis of rotation which coincides with the axis about which the coil is 
wound. In circumferential payout, the line is drawn in a direction that is substantially 
perpendicular to the axis of rotation of the spindle, which turns as the line is drawn. 

20 The Manchester et al Patent discussed above shows strip materials coiled for circum- 
ferential deployment. The stationary coil and direction of payout of axial deployment 
are so different from the rotating spindle and circumferential payout of circumferential 
deployment that those of ordinary skill in the art do not assume that the coiling meth- 
ods for one are necessarily useful in the other. Broadly speaking, the coiling method 

25 of the present invention is achieved by winding the line in a plurality of spirals of in- 
creasing radius, wherein each spiral is wound about a central axis in a direction op- 
posite to that of the previous spiral. The spirals are positioned coaxially, one after the 
other, so that they are arranged sequentially along a common central axis as sensed 
moving from one end of the line charge to the other. Winding the line in counter- 

30 rotating spirals minimizes the overall twisting effect of coiling the line, and thus fa- 
cilitates deployment of the line. 
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The coiling method of this invention is particularly useful in the assembly of 
mine-clearing apparatuses of the type comprising a deployable line charge mounted 
on a base. The coiling method of this invention provides more compact storage of the 
line charge on the base than prior art storage configurations used in mine-clearing de- 
5 vices. In addition, the coiling method of this invention helps prevent the cord from 
overlaying or crossing over itself when deployed over the mine field. This is advan- 
tageous because when one portion of a line charge overlays another, the first portion 
to detonate may sever the other portion without initiating the severed end of the cord. 
Such an occurrence would leave a portion of the deployed line charge imdetonated, so 

10 a portion of the minefield would not be cleared as desired when the apparatus is used. 
Accordingly, the present invention provides a mine-clearing apparatus that is more 
reliable than similarly configured prior art devices. 

A second feature of the present invention provides that a . line charge for a 
mine-clearing apparatus may comprise a proximal, stand-off portion having a loading 

15 of explosive material sufficiently low to permit the user of the device to remain 

nearby when the device is initiated. One end of the stand-off portion is operably con- 
nected to an initiation means that may comprise a safe-and-arm device mounted in a 
casing. The other (distal) end of the stand-off portion is operably connected to the 
proximal end of a distal, working portion of the line charge, which comprises a suffi- 

20 cient loading of explosive material to initiate nearby land mines when it detonates. 
The terms "distal" and "proximal" as used herein and in the claims refer to relative 
distances from the user, who is assumed to remove himself from the apparatus in a 
direction opposite from the direction in which the line charge is deployed. 

These and other features of the invention are described more fully below. 

25 A general view of an apparatus assembled in accordance with the present in- 

vention is seen in Figure 1 , Mine-clearing apparatus 10 comprises a hinged casing 12 
that provides a base for, and contains, the other elements of the apparatus. Casing 12 
includes a handle 12a for convenient portage, and the casing may be molded from 
non-reflective polypropylene, or any other suitable material. In a preferred embodi- 

30 ment, casing 12 comprises an edge gasket 12b which serves to seal the interior of 
casing 12 against the introduction of imwanted dirt and moisture when the casing is 
firmly closed. Within casing 12 is mounted a deployable line charge 14 coiled in ac- 
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cordance with the present invention, about an axis that is substantially perpendicular 
to level ground. Casing 12 thus provides a base for the line charge. Preferably, the 
windings of line charge 14 are restrained against inadvertent uncoiling prior to de- 
ployment. One way to restrain the windings is to wrap cable ties around them; the ties 
5 must, of course, be removed prior to deployment. Another way is to wrap the wind- 
ings with frangible restraining means, e.g., bands 14a, that are easily severed when 
line charge 14 is deployed. Bands 14a may comprise Kraft paper that bursts or tears 
when the line charge is deployed. Alternatively, the windings may be secured by 
frangible restraining means comprising a hook-and-loop (e.g., Velcro™) fastening 

10 system comprising strips of hook fabric and of loop fabric. The coils of line charge 
may be partially wrapped with a strip of one fabric (e.g., hook fabric) and a strip of 
the other fabric (e.g., loop fabric) is used to splice together the ends of the strip. The 
second strip may be connected to the rocket motor so that when the rocket motor is 
deployed, it peels off the second strip and thus frees the line charge windings. 

15 The line charge 14 is a pliable linear explosive product that generates suffi- 

cient explosive force to initiate a mine on which it is disposed as is known in the art, 
e.g., the line charge may comprise detonating cord. The line charge may have a con- 
sistent distribution of explosive material along its entire length, e.g., it may have a 
uniform core load of explosive material, or it may comprise low core load sections 

20 between periodic lump charges or grenades. Casing 12 contains the deployment 
means for deploying the line charge onto the mine field and the initiation means for 
initiating the line charge, both mounted therein and thus connected to the base. 

The deployment means serves to uncoil line charge 14 and extend it out along 
the surface of the mine field, as is known in the art. The deployment means of the il- 

25 lustrated embodiment comprises a deployment initiator 16, a deployment signal 

transmission line (or "deployment line") 18, a squib (not shown) moimted in a safe- 
and-arm device 34, a rocket motor 22 and a tether 23 for securing line charge 14 to 
rocket motor 22. When rocket motor 22 is initiated and travels its trajectory, it pulls 
with it line charge 14 via tether 23, A suitable rocket motor for deploying a line 

30 charge having a core load of 109 g/m may be one rated as having an average thrust of 
156 Newtons ("N") and a 0.84 second total bum time, for a 133 Newton-second 
("Ns") total impulse. Such rocket motors are commercially available. Deployment 
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means other than rocket motors are known in the art for deploying line charges over a 
mine field, and any of these may be used with the present invention. For example, it 
is known to use a rifle bullet trap for this purpose. Since line charge 14 is not rotata- 
bly mounted in casing 12, the deployment means must remove line charge 14 in a 
5 manner that allows the line to uncoil axially, i.e., that allows line charge 14 to rise 
above the ground and thus xmravel from the coiled configiu'ation in a direction having 
a vertical component. 

Safe-and-arm device 34 is a mechanical safe-and-arm device known in the art. 
Safe-and-arm device 34 can assure at least two different positions, one in which 

10 rocket motor 22 is positioned for firing and in which apparatus 10 is "armed", i.e., in 
which a signal from deployment initiator 16, deployment line 18 and the squib (not 
shown) are permitted to initiate rocket motor 22, and another position in which appa- 
ratus 10 is "safed", i.e., in which the signal from the squib will not initiate the rocket 
motor, as described herein. 

.1 5 The rocket motor 22 is initiated by a squib moimted on the end of the deploy- 

ment line 18. Deployment line 18 comprises any suitable means for conveying an 
initiating signal from deployment initiator 16 to the squib, e.g., deployment line 18 
may comprise a signal transmission tube ("signal tube") or an otherwise suitable fuse. 
Signal tubes are known to comprise extruded, flexible plastic tubing having a reactive 

20 material in the form of a fine powder disposed on the interior wall of the tube. The 
reactive material is ignited to propagate a signal through the tubing to initiate explo- 
sive charges such as those used in detonator caps. Typically, the signal tube is of a 
small outside diameter and may be formed of a multi-layer tube as illustrated in U.S. 
Patent 4,328,753 to Kristensen et al, dated May 11, 1982, which shows the cross sec- 

25 tion of a multi-layer tube comprising an outCT layer surrounding an inner layer on the 
inner surface of which a coating of reactive powder adheres. In the species of signal 
tube known as shock tube, the reactive powder comprises a pulverulent high explosive 
material, e.g., PETN or HMX aluminum powder, yielding a high velocity of signal 
propagation through the tube. In tubes known as low velocity signal tubes, the reac- 

30 tive material comprises a deflagrating material such as manganese/potassium perchlo- 
rate, silicon/red lead, as set forth, e.g., in U.S. Patent 4,757,764 to Thureson et al, 
dated July 19, 1988. Signal tubes are preferred over, e.g., low energy detonating 
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cords, because they are non-brisant, i.e., they completely contain the brisance of the 
reactive material therein, and thus pose a minimal threat to the safety of the user. The 
squib preferably comprises a delay element that serves to obturate the end of the sig- 
nal tube and to prevent the reaction products from the squib propellant mix 6com 
5 traveling back up the signal tube toward the deployment initiator 16. 

The deployment initiator 16, which is mounted on the proximal end of de- 
ployment line 18, comprises a device suitable for initiating a signal in the line. For a 
deployment line comprising shock tube, deployment initiator 16 may comprise a stan- 
dard direct shoot fitting comprising a spring-loaded firing pin and an M-42 primer. 

10 When the firing pin strikes the primer, the primer generates an output that initiates a 
signal in the shock tube, as is well-known in the art. 

Casing 12 also contains initiation means for initiating the line charge after it is 
deployed. As seen in Figure 1, the illustrated initiation means comprises a line charge 
initiator 24 and an initiation signal transmission line (or "initiation line") 26 that has a 

15 detonator thereon (not shown) disposed in initiation relation to line charge 14. Initia- 
tion line 26 may comprise shock tube and line charge initiator 24 may comprise a 
standard direct shoot deployment initiator 16, like deployment line 18 and deployment 
initiator 16. Preferably, the detonator on initiator 16 is mounted in the safe-and-ann 
device 34 and, when safe-and-arm device 34 is "armed", the proximal end of line 

20 charge 14 is disposed in signal transfer relation to the detonator on the end of the ini- 
tiation signal transmission line 26 and, when device 34 is "safed", the detonator is out 
of position to initiate line charge 14. 

Preferably, deployment line 18 and initiation line 26 are over-extruded or 
wrapped with a common casing to form a dual signal line 30 in a manner well-known 

25 in the art. To allow the user to initiate the deployment means and the line charge from 
a position remote from the mine field, dual signal line 30 may have a suitable length, 
e.g., 30 to 50 meters, and may be disposed within an initiation reel 32 within which 
dual signal line 30 may be configured for rapid payout. The deployment initiator 16 
and line charge initiator 24 may be secured to initiation reel 32. Initiation reel 32 is 

30 removably disposed in casing 12 so that the user can place casing 12 on the ground 
and walk initiation reel 32 to a safe distance from which to operate the mine-clearing 
apparatus. 
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Apparatus 10 further comprises deceleration means for slowing the deploy- 
ment means when the line charge is near full deployment, to prevent the deployment 
means from causing stress at the interface of the line charge and safe-and-ann device. 
In the illustrated embodiment, the deceleration means comprises a tear web strap 36 
5 that is secured to line charge 14 and to casing 12. Strap 36 is folded and sewn upon 
itself with frangible stitching that can be broken by the force of rocket motor 22 to 
allow strap 36 to imravel. The stitching subjects the rocket motor to a deceleration 
force that slows rocket motor 22 when rocket motor 22 and line charge 14 are near the 
end of their trajectories. Preferably, the trajectory of rocket motor 22 is kept low 

10 enough to maximize the deployment of the line charge and to avoid hitting any foliage 
or other over-hanging objects. Apparatus 10 further includes an anchor stake 38 
which is attached to one end of a cable 40. The other end of cable 40 is secured to 
casing 12. When apparatus 10 is placed in a desired position near or in a mine field, 
anchor stake 38 can be used to secure the apparatus in place to resist the force im- 

1 5 parted thereto when decelerating the line charge. 

As indicated above, the line charge used in the apparatus of the present inven- 
tion is coiled in a particular manner. The method of coiling the line charge is illus- 
trated with reference to Figures 2 A through 2D. Figure 2A shows a winding fixture 
comprising an internal capstan 42 and a containment ring 44. A length of line charge 

20 14 is shown partially wrapped around c^stan 42, with an initial or proximal portion 
14b thereof partially within the interior of capstan 42. Line charge 14 is wound 
around capstan 42 in a first direction indicated by arrow 46, i.e., counterclockwise 
about a central axis 48, to form a planar spiral SO of increasing diameter, i.e., of di- 
ameter that increases as line charge 14 winds aroimd capstan 42. Line charge 14 is 

25 wound aroimd capstan 42 to increase the magnitude of spiral 50 until the annular 

space between capstan 42 and contaixmient ring 44 is substantially full and line charge 
14 engages the interior of contaixmient ring 44, as shown in Figure 2B. At this point, 
first spiral 50 is complete and it may comprise about 30 feet of the line charge. Be- 
fore coiling continues, an optional separator sheet 52 is placed over spiral 50. Separa- 

30 tor sheet 52 serves to facilitate the formation of a subsequent coil by providing a 

smooth surface on which the subsequent coil can be formed. Preferably, sheet 52 is 
not secured to line charge 14 or to any other part of apparatus 10, except as a result of 
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being positioned between coil layers. Separator sheet 52 should be pliable and light in 
weight so that it does not interfere with the deployment of line charge 14. For exam- 
ple, separator sheet 52 may comprise Kraft paper. 

A transition portion 54 of line charge 14 is lifted above the plane defined by 
5 spiral 50 and is disposed across the windings of spiral 50 towards the exterior surface 
of capstan 42. Line charge 14 is then once again wound around capstan 42, but this 
time in a direction opposite to that of the adjacent spiral 50, i.e., in a clockwise direc- 
tion about a central axis that is coaxial with axis 48, to create a second spiral (not 
shown) of increasing radius adjacent to first spiral 50. The two spirals are disposed 

10 coaxially and so share a common central axis. When the second spiral is complete, an 
optional second separator sheet 56 is placed on the second spiral and a second transi- 
tion portion 58 rises above and across the windings of the second spiral and is dis- 
posed towards capstan 42 about which it is woimd in the direction of arrow 60 in a 
direction opposite to that of the preceding spiral, to initiate a subsequent (third) spiral 

15 adjacent to the preceding, second spiral. In this case, the third spiral is wound in the 
same direction as the first spiral, i.e., in a counterclockwise direction. As is evident in 
Figure 2D, transition portions 54 and 58 do not overlap, i.e., their rotational positions 
about axis 48 are staggered. In the particular embodiment shown, the transition por- 
tions are staggered at about 90** firom each other, but any suitable relative axial offset 

20 may be used. Staggering the transition portions allows the spirals to lay as flat as 
possible upon one another. The line charge 14 is wound starting firom the distal end, 
so that the proximal end, including the optional stand-off portion, is wound last The 
coiled line charge is then inverted for moimting on the base of the device, and the 
distal end is secured to the deployment means. In this way, the deployment of the line 

25 charge 14 causes the line charge to unravel fi-om the inside of the windings outward. 
This prevents the tensile forces on the line charge from collapsing partially unwoxmd 
layers and causing a tangle in the line. Thus, fiiU deployment, i.e., the greatest possi- 
ble extension of the line charge, is more reliably achieved. 

In use, apparatus 10 is carried by field personnel to a safe position in proxim- 

30 ity to a mine field. The apparatus is placed on the ground in the desired location and 
casing 12 is opened as shown in Figure 1. The user stakes the device in place and 
manipulates rocket motor 22 into position for firing, moving the safe-and-arm device 
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from a "safed" position to an "armed" position. Then, the user carries initiation reel 
32 to a safe position, preferably moving away from casing 12 in a direction opposite 
to that in which rocket motor 22 will travel, as suggested by arrow 60. As the user 
retreats from casing 12, dual signal line 30 is paid out. When the user reaches a de- 
5 sired position, the deployment initiator is actuated to initiate rocket motor 22, which 
carries line charge 14 along a trajectory over the mine field, as suggested in dotted 
outline in Figure 3 A. Once the line charge 14 is deployed, it rests on the surface of 
the mine field, as shown in Figure 3B. Because of the novel and advantageous 
method of coiling the line charge within casing 12 as taught herein, deployment is 

10 more accurate than in prior art devices and line charge 14 exhibits significantly less 
twisting, making the apparatus more reliable than prior art devices. With line charge 
14 deployed, the user actuates the line charge initiator 24, thus generating a signal in 
initiation signal transmission line 26 that initiates detonator 28, which in turn initiates 
the line charge. The line charge initiates the land mines thereimder, and a path is thus 

1 5 cleared along the length of the line charge. 

Another feature of the present invention relates to the provision of a stand-off 
portion of the line charge. According to this aspect of the invention, a stand-off por- 
tion of the line charge, i.e., a portion starting at the proximal end of line charge 14 and 
extending for about 15 meters (about 50 feet) towards the distal end, has a lower core 

20 load of explosive material than the remainder of the line charge, i.e., the distal, work- 
ing portion. The stand-off portion is operably connected to the initiation means at its 
proximal end and to the working portion at its distal end, and it serves to initiate the 
working portion of line charge without posing a significant hazard to a user who re- . 
mains near casing 12 when the line charge is initiated. Generally, the stand-off por- 

25 tion 62 should have a loading of less than about 100 grams per meter of explosive 
material, preferably less than 50 grams per meter. Preferably, stand-off portion 62 
comprises not more than about 10 percent of the linear core load of the distal portion 
of the line charge. For example, the stand-off portion of line charge 14 indicated at 62 
in Figure 3B, may comprise low-energy detonating cord comprising 13.7 grams per 

30 meter conventional RDX-based explosive, whereas the distal or working portion 64 of 
line charge 14, extending from the end of stand-off portion 62 to the distal end of the 
line charge, may comprise standard detonating cord (which may have 100 grams of 
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explosive material per meter), or detonating cord having an elevated coreload of ex- 
plosive material. The core load of explosive material in stand-off portion 62 is low 
enough to permit a user to remain near the apparatus during use, without injury, yet is 
sufficient to carry the initiation signal to the working portion of the line charge. For 
5 this purpose, the distal end of the stand-oflF portion may be disposed in signal transfer 
relation to the proximal end of the working portion. For example, their ends may be 
knotted together, or they may overlap each other in mutual contiguous relation over a 
length of about 0.5 meter or more. Optionally, the ends of the two portions may be 
overwrapped with a common sheath. Stand-off portion 62 puts additional distance 

10 between the user and the position at which the line charge generates its full explosive 
force, thus providing an added degree of safety for the user. The stand-off portion 
may comprise, for example, part or all of the bottom spiral of the line charge, shown 
in Figure 2A, whereas the remaining spiral layers may comprise the working portion 
of the line charge. To allow the use of stand-off portions of even less brisance, i.e., of 

15 lower core load, without sacrificing the reliability with which the working portion of 
the line charge is initiated, the distal end of the stand-off portion may be equipped 
with an amplifying charge. For example, the stand-off portion may comprise a length 
of cord having a core load of, e.g., 5 grains per foot hexanitrostilbene (HNS), and may 
have at its distal end an amplifying charge comprising, e.g., PBXN-5 or some other 

20 suitable secondary explosive, in an amount sufficient to initiate the working portion of 
the apparatus. An optional signal-amplifying detonator 62a is shown in Figure 3B in 
signal transfer relation to working portion 64, as may be achieved with a conventional 
connector block, as is seen in U.S. Patent 5,171,935 to Michna et al, dated December 
15, 1992. 

25 While the invention has been described in detail with reference to particular 

embodiments thereof, it will be apparent upon a reading and understanding of the 
foregoing that numerous alterations to the described embodiment will occiir to those 
skilled in the art and it is intended to include such alterations within the scope of the 
appended claims. 
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THE CLAIMS 

What is claimed is: 

1. A method for coiling a signal transmission line for axial deployment, com- 
prising: 

winding the line in a plurality of spirals of increasing radius about central 
axes and disposing the spirals in mutual coaxial relation, wherein adjacent spirals are 
wound in opposing directions about the common central axis, as sensed moving along 
the line from the innermost winding of each spiral to the outermost winding, 

2. The method of claim 1 further comprising placing a separator sheet between 
adjacent spirals. 

3. The method of claim 1 or claim 2 comprising winding at least three spirals 
and providing transition portions between adjacent spirals, the transition portions ex- 
tending from the end of one spiral to the beginning of the next spiral, and further 
comprising staggering the transition portions about the common central axis of the 
spirals. 

4. A mine-clearing apparatus comprising: 
a base; 

a deployable line charge on the base, the line charge having a proximal end 
and a distal end; 

deployment means connected to the base and connected to the distal end of 
the line charge, for deploying the line charge onto the mine field; and 

initiation means connected to the base and disposed in signal transfer rela- 
tion to the proximal end of the line charge, for initiating the line charge; 

wherein the line charge is disposed in a plurality of adjacent coaxial spirals, 
wherein each spiral is curved in an opposite rotational direction around the common 
central axis relative to the adjacent spiral, sensed moving from the proximal end to the 
distal end. 
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5. The apparatus of claim 4 wherein each spiral has an increasing radius as 
sensed moving from the proximal end to the distal end. 

6. The apparatus of claim 4 further comprising a separator sheet between adja- 
cent spirals. 

7. The apparatus of claim 4, claim 5 or claim 6 comprising at least three spi- 
rals and a transition portion between each pair of adjacent spirals, and wherein the 
transition portions are staggered about the common central axis. 

8. The apparatus of claim 4 wherein the line charge comprises a distal, work- 
ing portion and a proximal, stand-off portion, and wherein the working portion is con- 
nected to the stand-off portion and comprises a sufficient loading of explosive mate- 
rial to initiate a land mine disposed beneath it and the stand-off portion is connected to 
the initiation means and comprises a lower loading of explosive material than the 
working portion. 

9. The apparatus of claim 4 further comprising frangible restraining means for 
keeping the windings of the line charge in place prior to deployment, the restraining 
means being connected to and releasable by the deplojmient means. 

1 0. A mine-clearing apparatus comprising: 
abase; 

a deployable line charge on the base; 

deployment means connected to the base for deploying the line charge; and 
initiation means connected to the base for initiating the line charge; 
wherein the line charge comprises a distal, working portion and a proximal, 
stand-off portion and wherein the woiking portion is connected to the stand-off por- 
tion and comprises a loading of explosive material sufficient to initiate a land mine 
disposed beneath it and the stand-off portion is connected to the initiation means and 
comprises a lower loading of explosive material than the working portion. 
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11. The apparatus of claim 10 wherein the stand-off portion has a loading of 
explosive material of not more than 100 g/m. 

12. The apparatus of claim 1 1 wherein the stand-off portion has a loading of 
explosive material of not more than 50 g/m. 

13. The apparatus of claim 12 wherein the stand-off portion has a loading of 
explosive material of not more than 10 percent of the loading of the working portion. 

14. The apparatus of claim 1 1 comprising a signal-amplifying charge on the 
distal end of the stand-off portion, in signal transfer relation to the working portion. 

15. The apparatus of claim 10 further comprising frangible restraining means 
for keeping the windings of the line charge in place prior to deployment, the restrain- 
ing means being connected to and releasable by the deployment means. 
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FIG. 2B 
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